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Abstract A new geometric quantum formalism was proposed using a generalized
version of ‘t Hooft-Nobbenhuis Complex Transformation and a second order version
of the Ricci Flow by which the evolving metric tensor is considered as a microscop-
ical state in a statistical system. Also, a new quantum interpretation will be outlined
that consider the possibility that a quantum particle at the fundamental level is a sub-
microscopic black hole that has complex mass and can open up Planck Scale worm-
holes or Einstein-Rosen bridges. Lastly, we present a very simple proof of Susskind-
Maldacena’s ‘‘ER=EPR” conjecture using Hawking Area Theorem.
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1 Introduction
Geometric interpretations of Quantum Mechanics had been around since the time of
Einstein, Weyl, and Kaluza who envisioned a formulation of a unified theory where
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forces other than gravity can also be explained in geometric terms. This was during
the first half of the 20th century. Since then, different approaches were put forward
in the last half of the 20th century. One of the prominent mathematical tool that
had always been used in the past is Weyl Geometry [50]. For example, J.T. Wheeler
suggested a geometric picture of quantum mechanics using Weyl Geometry [59].
Another geometric approach was suggested by Wood and Papini [37] in which they
incorporate modified Weyl-Dirac theory with particle aspects of matter and Weyl
symmetry breaking. Sidharth [55], on the other hand, tries to geometrize Quantum
Mechanics using a non-commutative and non-integrable geometry. By the turn of the
21st century, tools in Differential Topology like the Ricci Flow [17–20, 35, 36] and
Conformal Symmetry [22, 51, 52] had been widely used. One of them is the work
of Dzhunushaliev in [26] where he suggested two major ideas which served as the
motivation for the present paper. First is the notion that the Ricci Flow is a statistical
system that can be use to describe the topology change at Planck Scale. Second is the
idea that, the metric tensor can be considered as a microscopical state in a statistical
system. A new implementation of these ideas will be the goal of this paper. To imple-
ment the first idea, a second-order version of the Ricci Flow known as the Hyperbolic
Geometric Flow will be used. For the second idea, the link between the metric tensor
gµν and the wave function ψ will be established to show that both can be used for
the description of a quantum system. Thus, the new quantum formalism presented
here will be divided into two major parts. The first part is the ‘‘Kinematical Part”
which is dedicated on establishing the link between the wave function and the metric
tensor. The second part, the ‘‘Dynamical Part” will show the use of the Ricci Flow
to derive a generalized Dirac Equation. The last section of the paper will outline a
new quantum interpretation based on the results of developing the new quantum for-
malism. Besides the Ricci Flow, another mathematical tool to be used is the so-called
‘t Hooft-Nobbenhuis space-time Complex Transformation (tHNCT). It is a simple
imaginary transformation of space-time
xµ → ixµ (1)
that was introduced by ‘t Hooft and Nobbenhuis in [34] as an attempt to solve the
Cosmological Constant Problem using a symmetry argument. However, according to
Arbab and Widatallah, the work of ’t Hooft and Nobbenhuis ‘‘...have left the mass of
the particle unchanged, a fact that affected the integrity and the invariance of other
physical quantity under this transformation ’’ [11]. Thus, an extended version of the
transformation was suggested by Arbab and Widatallah in [11] which includes an
imaginary transformation of the mass, i.e.,
t → it, x → ix, m→ im (2)
They called the set of transformations above as the ‘‘Universal Complex Transfor-
mation’’(UCT) as they have shown that it is ‘‘a symmetry in nature by which the
physical world is invariant under it’’ and ‘‘a true law of nature where all equation
of motion must satisfy” [11]. Arbab, in his succeeding papers incorporated it in his
own version of ‘‘Quaterionic QuantumMechanics” [7,8] to formulate a new quantum
formalism in which he derived a second order version of Dirac Equation. A similar
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process will be done here but extending tHNCT into a complex transformation. Also
the transformation is not without a physical basis. The generalized form of tHNCT
will be shown to be derivable from a modified Lorentz Transformation. Rather just a
mathematical curiosity or an ad hoc assumption to solve a cosmological problem, it
was suggested that the physical basis for tHNCT is the necessity of modifying Special
Relativity at the Planck Scale. Thus a new Deformed Special Relativity (DSR) model
will also be proposed as the underlying physical basis for the use of the generalized
tHNCT. Consequently, the new quantum formalism will be shown to be emergent
from the mathematical description of a modified Relativity and Quantum Mechanics
at the Planck Scale.
2 Preliminaries
Consider the Lorentz Transformation in matrix form as presented in [54] for two
collinear frames of reference in uniform motion along x-axis with no rotation
X ′ = ΛX P′ = ΛP (3)
where
X ′ =
(
t ′
x′
)
X =
(
t
x
)
P′ =
(
E ′
p′x
)
P =
(
E
px
)
(4)
and the Pure Lorentz Boost Λ can be parametrized in terms of rapidity ξ1 and given
by
Λ =
(
coshξ1 −sinhξ1
−sinhξ1 coshξ1
)
(5)
where the convention c = 1 was used. A typical way of showing Lorentz Invariancy is
by transforming X ′ into a square matrix by multiplying it with the Minkowski metric
η =
(−1 0
0 1
)
(6)
and then multiplying it with the transpose X ′T , i.e.,
X ′T ηX ′ = (XT Λ T )η(ΛX) = XT (Λ T ηΛ)X (7)
This implies Lorentz Invariancy since Λ T ηΛ = η where its determinant gives us
the expression (detΛ T )(detη)(detΛ) = (detΛ)2 = 1. Another textbook approach
to show Lorentz Invariancy without the use of the Minkowski metric is using Pauli
matrices σi via the coordinate transformation X → σT X = X¯ = tσ0+ xσ1 =
(
t x
x t
)
for both primed and unprimed coordinateswhere σ is a column vector
(
σ0
σ1
)
. Solving
for the determinants and multiplying with det X¯
′
gives us
(det X¯
′
)2 = (detΛ)2(det X¯)2 = Z2(det X¯)2 (8)
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where Z2 = (detΛ)2 = 1 or Z =±1. The case where Z =+1 is known as the Proper
Lorentz Transformation while the case where Z =−1 is called the Improper Lorentz
Transformation. For the latter case the spacetime interval s2 would be s′2 = −s2,
that gives us s′ = ±is, t ′ = ±it, and x′ = ±ix which are basically tHNCT. Thus,
it is suggested that tHNCT is a mathematical expression for an Improper Lorentz
Transformation. To generalized tHNCT into a full complex transformation, a group
theoretic approach is suggested here where Λ is replaced by a general 2× 2 unitary
matrix U :
U =
(
a b
−ei2piχb∗ ei2piχa∗
)
, |a|2+ |b|2 = 1 (9)
where the parametrization now depends on four real parameters, i.e., the phase of
a, the phase of b, the relative magnitude between a and b, and the angle χ . The
determinant of U is given by
(detU)2 = ei4piχ = ϕ2 (10)
where ϕ = ei2piχ constitutes an element of a group. A sub-group of it, is of those
elements with detU = 1 known as the special unitary group SU(2). Later, the vari-
able χ will be shown to be a function of Planck Energy Ep such that the modification
of the Lorentz Boost can be used as an alternative way to modify Relativity at the
Planck Scale. The theory therefore qualifies to a body of work known nowadays as
Deformed or Doubly Special Relativity.
In retrospect, the seminal work done by Amelino-Camelia [2, 3] among oth-
ers [6,16,30,42,43] on what now became as “Deformed Special Relativity” or “Dou-
bly Special Relativity”(DSR), is an attempt to modify Lorentz Invariance at/near the
Planck Scale. It was initially motivated by the idea that the Planck Energy and the
Planck Length are fundamentally invariant. The core idea is to modify the momen-
tum space via an introduction of another invariant quantity in addition with the speed
of light, thus the term ‘‘doubly”. A more comprehensive review on Deformed Spe-
cial Relativity is given by Amelino-Camelia [4] and Kowalski-Glikman [40]. In a
nutshell, according to [5], the modification on energy dispersion relation is generally
expressed as follows:
E2 = p2+m2+ηLnpp
2En +O(Ln+1p pE
n+3) (11)
where Lp is the Planck Length, n is a whole number and O is a function that can be
expressed in infinite series. The equation above was originally expressed by earlier
authors [38] to be a simple equation given by
E2 = p2+m2+ p2 f
( p
M
)
(12)
as a general form of the natural deformation of the standard dispersion law where f is
a function of M which indicates a mass scale characterizing the Lorentz breakdown.
Another approach used by other authors was categorized in a very short survey of
Salesi et.al. in [49] as being written in terms of ‘‘form factors” f = f (p) and g= g(p),
g2(p)E2− f 2(p)p2 = m2 (13)
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DSR Model function F Function G
κ-Poincare F2 = 2κ2 cosh (E/κ)/E2 G2 = exp (E/κ)
Magueijo-Smolin F = (1−E/κ)−1 G = F
Herranz F = κ(exp(E/κ)−1) G = 1
Heuson F = (1− p2/κ2)− 12 G = F
Salesi F = A[λ 2(px − vE)+ p2y + p2z ]
1
2 G = F
Proposed Model F = ϕ G = F
Table 1 Table of deformation functions
or in terms of ‘‘momentum-dependent metric”
ds2 = g−2(p)dt2− f−2(p)dl2 (14)
which became the basis of Rainbow Gravity Theory. Thus, according to Heuson [31],
the starting point of any DSR theory is a deformed dispersion relation written in the
form
F2E2−G2p2 = m2 (15)
with functions F,G = f (E, p2,κ) that preserve rotational symmetry where κ is an
energy scale that is presumably related to Planck length or mass. The function F,G,
according to Salesi et.al. [49], are usually called as ‘‘deformation functions” and
suggested in their own DSR model that
F = G = A[λ 2(px− vE)+ p2y + p2z ]
1
2 (16)
for some real function A and the quantity λ is the energy-momentum cut-off param-
eter. They compared it with the work of Magueijo and Smolin [43] where F and G
were defined as
F = G = (1+λ 2p2)−1 (17)
In [31], four models of DSR are compared in tabular form in terms of functions F
and G. The table can be extended further as shown in Table I where it now includes
other models mentioned here and the one being proposed here. The proposed DSR
model suggests that
F = G = ϕ (18)
where the complex function ϕ is in terms of a dimensionless quantity χ .
3 New Quantum Formalism
3.1 Kinematical Part
Applying the generalized tHNCT on energy dispersion relation, it gives us
m2 = E2− p2x → (ϕE)2− (ϕ px)2 = m˜2 (19)
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This is equivalent to two separate transformations on energy and momentum
E → ϕE = E˜ px → ϕ px = p˜x (20)
Since i2piϕ = ∂ϕ∂ χ , E = − ∂S∂ t and px = ∂S∂x , the energy E˜ and momentum p˜x, can be
rewritten as follows by inserting the imaginary number i =
√−1,
E˜ =− i
2pi
(i2piϕ)E =
i
2pi
(
∂ϕ
∂ χ
)(
∂S
∂ t
)
==
i
2pi
(
∂ϕ
∂ t
)(
1
f
∂S
∂ t
)
(21)
p˜x =− i
2pi
(i2piϕ)px =− i
2pi
(
∂ϕ
∂ χ
)(
∂S
∂x
)
=− i
2pi
(
∂ϕ
∂x
)(
λ
∂S
∂x
)
(22)
where S is the classical action and two new variables were defined as follows
1
f
=
∂ t
∂ χ
and λ =
∂x
∂ χ
(23)
The new variables, f , and λ are not just interpreted as frequency or wavelength of
a particular wave but parameters that define a fundamental fluctuation of space and
time in terms of a new variable χ . Energy is also varying in terms of χ , such that
another variable can also be defined as follows:
h˜ =
1
f
∂S
∂ t
= λ
∂S
∂x
=
∂S
∂ χ
(24)
This gives us equations that are strikingly similar to the Planck-de Broglie equation
in Quantum Mechanics
E = h˜ f p = h˜/λ (25)
where h˜ = h˜(S) acts as the corresponding counterpart of the Planck constant but it
is now a varying quantity and a function of energy. A varying and energy-dependent
Planck ‘‘constant” at Planck Scale was already suggested by Maguiejo and Smolin
in [43] and others in extreme cases like in black holes [1,29]. It is considered here that
the modified quantum-mechanical equations above apply at the sub-quantum level
where a varying Planck constant would imply a modified laws of Quantum Mechan-
ics. A modified quantum-mechanical laws would allow for the idea that Relativity is
still applicable at the Planck scale but also in a modified form. From (21) and (22), in
3-dimension, it will yield us the following equation;
p˜ = ϕp =−i ˜¯h∇ϕ = pˆϕ (26)
E˜ = ϕE = i ˜¯h
∂ϕ
∂ t
= Eˆϕ (27)
where ˜¯h = h˜
2pi and ∇ is the del operator. Since ϕ commutes with E and p, an Eigen-
value Equation can be derive
Eϕ = i ˜¯h
∂ϕ
∂ t
pϕ =−i ˜¯h∇ϕ (28)
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which give us the familiar Operator Correspondence similar in Quantum Mechanics
Eˆ ≡ i ˜¯h∂t pˆ ≡−i ˜¯h∇ (29)
To evaluate the function ϕ , consider Eq. (24) and set S= S(χ). Integrating and setting
the new variable h˜ constant, it will yield us
χ = S/h+ k (30)
for some constants h and k. Thus, χ is a quantity that is energy-dependent. This will
transform ϕ as follows:
ϕ → ψ =CeiS/h¯ (31)
where h¯ = h/2pi . One should notice that if h¯ is set to be as the reduced Planck con-
stant, in form, the function ψ is none other than the famous Wave Function in Quan-
tum Mechanics. The amplitude C = eik can be set equal to one as a normalization
constant and eiS/h¯ is Feynman’s Probability Amplitude. For a constant total energy
H, the classical action would be S=
∫
Hdt =Ht+k′, for some constant k′. Setting the
constants of integration to cancel each other, the variable χ can be evaluated further
as follows
χ =
Ht
h
+ k′+ k =
H
h(χ0/t)
=
H
h f0
=
H
Eq
(32)
where Eq = h f0, f0 = χ0/t and χ0 = 1 . The unitless variable χ is therefore an energy
ratio between the fundamental minimum energy Eq of a quantum particle and its total
energy H. It gives us the number of fundamental energy in a quantum system relative
to its total energy. Such number not only measures the possible ways a quantum
system can be arranged but also the entropy of the system since each quantum of
energy corresponds to one bit or element of entropy. Hence χ must be proportional
to the entropy Sq of a quantum system and the function ψ must be related to the state
of the quantum system via the expression,
Sq =−ikq lnψ (33)
which strikingly resembles Boltzman Entropy Formula but in complex form where
kq is a constant that acts like the Boltzman constant. The special case when χ = χ0
is when we used de Broglie assumption that Eq is equal to the classical relativistic
energy E = mc2, i.e.,
χ =
H
Eq
=
mv2+m(c2− v2)
mc2
= 1= χ0 (34)
where m = m0γ is the relativistic mass, m0 is the rest mass, and the total energy H is
expressed as
H = p ·v−L (35)
= mv2+m0c
2
√
1− v2/c2 (36)
= mv2+m(c2− v2) (37)
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with the relativistic Langrarian L =−m0c2
√
1− v2/c2. This will give us
ψ2 = ei4piχ0 = 1= Z2 (38)
We therefore have s the following correspondence of conformal factors
(detU)2 = ϕ2 → ψ2 → Z2 = (detΛ)2 (39)
in relation to the correspondence of values for χ , i.e.,
S/h˜ → S/h → χ0 (40)
Note that each conformal factor corresponds to a region of observation, i.e., the sub-
quantum or Planck Scale (S/h˜), quantum (S/h) andmacroscopic region (χ0). Its value
also corresponds whether if Lorentz Symmetry will be modified or preserved. Thus,
it is postulated that there is a corresponding ‘‘heirarchy of the metrics” for all region
of observation, i.e.,
ϕ2gµν → ψ2gµν → Z2gµν
(Sub-quantum Scale) (Quantum Scale) (Macroscopic Scale)
such that all metric tensors can be unified under one general metric tensor
g˜µν =


ϕ2gµν (Planck Scale/Sub-Quantum Scale)
ψ2gµν (Quantum Scale)
Z2gµν (Macroscopic Scale)
The metric tensor
g¯µν = ψ
2gµν (41)
is suggested here to define the so-called ‘‘Quantum Spacetime’’. However, by defin-
ing the type of metric tensor or geometry for each region of observation is not enough.
It is also necessary to consider the spacetime fluctuation that are happening due to
Heisenberg Uncertainty Principle. We suggested that its modified form at Planck
Scale is expressed as
δEδ t ≤ ˜¯h (42)
where δE and δ t are the uncertainties in energy and time while h˜ is the varying
Planck’s ‘‘constant”. This consideration, requires a mathematical tool to describe the
change in space topology for all regions of observation.
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3.2 Dynamical Part
The new DSR model suggested here gives us the following transformation:
m2 = gµν p
µ pν → ϕ2gµν pµ pν = m˜2 (43)
s2 = gµνx
µ xν → ϕ2gµνxµxν = s˜2 (44)
which is equivalent to Weyl metric tensor transformation:
gµν → ϕ2gµν (45)
where ϕ2 is a complex function and the metric tensor transformed into a Ka¨hler or a
complex-type of metric tensor. It is well-known that under Weyl metric transforma-
tion, the geometry changes. It transforms the metric compatibility condition or the
metricity condition in Riemannian Geometry i.e.;
∇¯gµν = 0→ ∇¯(ϕ2gµν) = (2ϕ∇¯ϕ)gµν +ϕ2(∇¯gµν) = 0 (46)
which gives us the non-metricity condition;
∇¯gµν = Ωgµν (47)
where ∇¯ is the covariant derivative and Ω = ∇¯ϕϕ 6= 0. For constant Ω , the non-
metricity condition can be expressed in second-order covariant derivative
∇¯µ∇¯ν gµν = Ω
2gµν =−2Rµν (48)
where we can set the manifold to be Einstein such that the Reimann tensor can be
expressed as Rµν = λ gµν , for some constant λ =− 12Ω 2. If one is to set the covariant
derivative to be the usual derivative we have
∂ 2gµν =−2Rµν (49)
The use of the usual derivative means that the affine connection term in the covariant
derivative is set to zero. In General Relativity, the affine connection is associated with
gravitational force. Setting it to zero means that spacetime is free of any gravitational
force or in vacuum case but there is still metric fluctuation happening as Eq. (49)
suggests. The equation above is known as the Hyperbolic Geometric Flow (HGF). It
is an equation first introduced by De-Xing Kong and Kefeng Lui in 2006 which is
a second-order version of the Ricci Flow [39]. We wanted now to consider the case
where at the Planck Scale a submicroscopic black hole exists that confines the metric
fluctuation in a given volume of space. First, we consider the infinitesimal change in
space and time under a generalized tHNCT
dt →
∫
ϕdt = t˜ dx→
∫
ϕdx = x˜ (50)
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where x˜ and t˜ are new space and time scale defined by the conformal factor ϕ which
can be set as a normalization factor. This will change the time derivative and give us
a modified HGF
∂ 2g˜µν =−2R˜µν (51)
where g˜µν = ϕgµν and R˜µν = ϕRµν . Also we can define a normalized volume and
set it as an invariant unit volume i.e.,∫
M
dV˜ =
∫
M
ϕdx1ϕdx2ϕdx3 =
∫
M
ϕ3dV = 1 (52)
where M is a 3-dimensional complete Riemannian manifold. Since the function ϕ
contains information and the Planck volume is extremely small, one can use the
Holographic Principle [33, 57] that suggest that information can be encoded on two
dimensions or in lower dimensions. The normalized volume can now be simplified
and gives us the expression ∫
M
dV˜ =
∫
M
ϕ2dV = 1 (53)
Using the condition set by the equation above, Kong and Lui [39], derived a normal-
ized form of HGF given by the expression below
ai j∂
2
t g˜i j + bi j∂t g˜i j + ci jg˜i j =−2R˜i j (54)
where ai j,bi j and ci j are certain smooth functions in M which may depend on time.
In [39], Kong and Lui also described HGF as the ‘‘Wave Equation of the Metric’’.
Its normalized form written in (54) is a wave equation with extra damping term. To
show this explicitly, an approximation for the Ricci Tensor R˜i j in terms of the metric
tensor [23] can also be used, i.e.,
R˜i j ≈−1
2
∇2g˜i j (55)
It will then transform equation (51) into a wave equation of the metric tensor;
(∂ 2t −∇2)g˜µν = 0 (56)
where it is now appropriate to use g˜µν instead of g˜i j for 4-dimensional consideration.
Hence, the normalized Hyperbolic Geometric Flow (nHGF) expressed in equation
(54) can be rewritten as follows:
˜g˜µν = aµν∂
2
t g˜µν −∇2g˜µν + bµν∂t g˜µν + cµν g˜µν = 0 (57)
where ˜ = aµν∂
2
t −∇2+ bµν∂t + cµν is a modified d’ Alembert operator. In form,
Eq. (57) is a Telegraphy Equation but instead of electrical signals, it is the metric
tensor that is fluctuating or oscillating. The most general form of nHGF, as suggested
in [39], involves additional higher-order terms,
αnµν
(
∂ n
∂ nt
)
g˜µν +α
n−1
µν
(
∂ n−1
∂ n−1t
)
g˜µν + . . . (58)
+α2µν
(
∂ 2
∂ 2t
)
g˜µν+α
1
µν
(
∂ 1
∂ 1t
)
g˜µν +α
0
µν g˜µν − 2R˜µν = 0 (59)
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It is suggested here that for n > 2, the expression above describes the high-energy
fluctuation of the metric tensor at the sub-quantum/Planck Scale region. For n = 2,
the nHGF can be used as a low-energy approximation at the quantum level while the
first-order equation (n = 1), is for the macroscopic scale in vacuum case where the
metric tensor is the usual real metric tensor. In quantum scale, onemust use the metric
tensor g¯µν = ψ
2gµν for the description of spacetime fluctuation. This will yield us
the corresponding metric tensor fluctuation as the modified metricity condition, i.e.,
˜g¯µν = 0 (60)
Out of the equation above, it will give us two equations:
˜ψ = 0 and ˜gµν = 0 (61)
The last equation is the nHGFwith the usual real metric tensor while the first equation
will give us
aµν∂
2
t ψ−∇2ψ + bµν∂tψ− cµνψ = 0 (62)
Setting the values of aµν , bµν and cµν as follows:
aµν = 1 bµν = 2
(
im0c
2β
h¯
)
cµν =
(
i
m0c
2α
h¯
)2
(63)
where 1 is the identity matrix, α =
(
0 σ
σ 0
)
is written in terms of Pauli matrices σ
and β =
(
1 0
0 − 1
)
, it will gives us
1∂ 2t ψ−∇2ψ + 2
(
im0c
2β
h¯
)
∂tψ−
(
m0c
2
h¯
)2
ψ = 0 (64)
Equation (64) is called by Arbab as the ‘‘Unified QuantumWave Equation’’ (UQWE)
as he was able to show in [9] that Dirac Equation, Klein-Gordon Equation, and
Schro¨dinger Equation can all be derived from such a single unifying equation. In
fact it is just a second order version of Dirac equation. From (64), it yields us a
second-order operator
(α ·∇)2 = 1∂ 2t + 2
(
im0c
2β
h¯
)
∂t −
(
m0c
2
h¯
)2
(65)
where α2 = β2 = 12 = 1. Factoring and getting the square root will give us the
following linear operator;
α ·∇ = 1∂t + im0c
2β
h¯
(66)
Arranging and putting back the function ψ , it will give us
1∂tψ−α ·∇ψ + im0c
2β
h¯
ψ = 0 (67)
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which is the Dirac Equation [13]. Though this cannot be warranted as true derivation
of Dirac Equation as values of aµν , bµν and cµν were given arbitrarily, however the
derivation of a generalized UQWE in geometric terms should not be taken as mere
coincidence since UQWE is more unifying and general than Dirac Equation. Also it
justifies the fundamental nature of UCT as the underlying symmetry for all laws of
Physics including the Physics at the Planck Scale.
Introducing now a charge in a quantum system, it will now modify the space in
the vicinity as it gives additional energy into the system. It involves a phase transfor-
mation of the probability amplitude. In the presence of an electric charge q, it yields
us a phase transformation since the classical action S will transform as follows:
S =
∫
{T − qAµ}dt (68)
where T is the Kinetic energy, Aµ = (A,φ) is the electromagnetic 4-potential and the
convention h¯ = c = 1 was used. This implies another wave equation,
˜Aµ = 0 (69)
since ˜ψ = i(˜S)ψ = 0 for ψ =Cexp{iS/h¯}. Putting in a source-charge ,
˜Aµ =✷Aµ + bµν∂0A
µ +m20A
µ = Jµ (70)
where Jµ = (J,ρ) is the 4-current density and bµν = 2im0β 6= 0. Note that by setting
bµν∂0A
µ = ∂ µ(∂νA
ν ) (71)
where ∂νA
ν 6= 0 and varying, it gives us
✷Aµ + ∂ µ(∂νA
ν)+m20A
µ = Jµ (72)
which is the Proca equation as written in [47]. If there are no sources, i.e., Jµ = 0,
the equation becomes;
✷Aµ + ∂ µ(∂νA
ν)+m20A
µ = 0 (73)
Hence, the generalization of the Lorenz gauge as expressed by equation (71) is natu-
rally integrated in the theory in order to derive Proca Equation. If the Lorenz gauge
conditon is preserved (∂νA
ν = 0), the equation gets simplified✷Aµ −
(
im0c
h¯
)2
Aµ = 0
which applies for free particles and lead to four Klein-Gordon equations for projec-
tions [47]. If Lorenz Gauge condition is violated (∂νA
ν 6= 0), there are two ways to
express it. Either ∂νA
ν = bµνA
ν for ∂ (∂ν A
ν) = 0 or ∂νA
ν = bµν∂0
(∫
Aµdxi
)
for
∂0(∂νA
ν) = 0, both of which implies that ∂νA
ν is equal to a non-zero constant.
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4 Black Hole Interpretation of QM
In this section, an outline of a new quantum interpretation will be put forward based
on the new quantum formalism that was presented here. Primarily, the metric so-
lution of the nHGF will be discussed which is the very heart of the new quantum
interpretation. It is not intended, however, to come up with a fully developed quan-
tum interpretation. Survey of other quantum interpretations will not be done except
for a very short review of Copenhagen Interpretation for comparison. Topics such as
entanglement, measurement problem and double slit experiment among others will
be briefly discussed. The focus would be on the fundamental nature of a quantum
particle and an attempt to prove Susskind and Maldacena’s ‘‘ER=EPR” conjecture.
In retrospect, the root cause of all the confusion surrounding the interpretational
problem of Quantum Mechanics is due to the fact that no one really knows what
is the true nature of the so-called ‘‘quantum wave”. In the double-slit experiment,
though it seems to suggest that a particle behave like a wave, no one is sure if the
electron is the wave itself or it is just riding or moving along with a wave that acts
like a ‘‘guiding wave”. Without the full grasp of the physical nature of the wave that
is associated with the particle, Bohr and others resort to suggesting that there is re-
ally no physical wave that exists or propagated. The apparent wave properties of a
quantum system are said to be just an illusion brought about either by a classical way
of thinking of the observer or the classical nature of the instrument being used by
the observer at the macroscopic level. This pragmatic approach of Copenhagen Inter-
pretation (CI) became the favored interpretation among physicists nowadays. For CI,
the wave function ψ and its corresponding wave equation, should not be postulated
to describe a ‘‘quantum wave” that physically exists as what de Broglie and Bohm
suggested [12,14]. The Wave Function for CI is a mere mathematical tool to describe
a quantum state or to predict the possible outcome of an experiment. Accordingly,
to describe quantum processes that lead to a particular outcome is impossible by any
classical means. Here, a new interpretation as an alternative to CI will be put forward
using what we proposed as the ‘‘Physics at the Planck Scale” where both Relativity
and Quantum Mechanics are modified. Also, the idea of a real physical wave will be
used, similar to Bohmian Mechanics and earlier suggestions of others [15, 24, 44].
The so-called quantumwave or quantumfield was suggested here to be an ensem-
ble of three kinds of wave or fluctuations that physically exist in a quantum system.
For an electrically charged particle, the three types of wave are described by the fol-
lowing wave equations:
˜ψ = 0, ˜Aµ = 0, ˜gµν = 0 (74)
which are unified under a single equation
˜g¯µν = 0 (75)
where g¯µν = Ψ
2gµν and Ψ = e
−i q
h¯
∫
Aµ dtψ . The first type of wave is the so-called
‘‘matter wave’’ described by the second-order Dirac Equation,
aµν∂
2
t ψ−∇2ψ + bµν∂tψ + cµνψ = 0 (76)
14 Jeffrey Alloy Q. Abanto
It is a wave equation that describe the energy fluctuation of a quantum system since
ψ = e
i
h¯
∫
Edt is a function of energy. The second type of wave involves the fluctuation
of electromagnetic vector and scalar potential. Its fluctuation is known to generate
the electromagnetic field. The fluctuation can be described by the equation below
aµν∂
2
t A
µ −∇2Aµ + bµν∂tAµ + cµνAµ = 0 (77)
which is a general case of Proca Equation in the vacuum case. The wave is known
in the literature as the electromagnetic scalar wave. Though the famous Aharonov-
Bohm effect seems to establish the physical effect in the presence of electromagnetic
potential Aµ , however, it does not give us details on the physical nature of the scalar
wave. At present, its properties are not yet fully explored while others theorize about
it to be a longitudinal wave [10]. What is clear however is that the presence of a
charge gives additional energy into the system. Thus, it must have a role in the final
configuration of the energy fluctuations that represents a quantum field. The conse-
quence of such energy fluctuations is for the spacetime to fluctuate, i.e., for the metric
tensor to oscillate. The metric tensor fluctuation, confined in a given volume of space,
is described by the third wave which is the nHGF,
aµν∂
2
t gµν −∇2gµν + bµν∂tgµν + cµνgµν = 0 (78)
Notice that for the case where aµν = bµν = 0 and cµν = λ is constant, it gives us
Ri j =
1
2
λ gi j (79)
which is the vacuum case for Einstein Field Equation (EFE). Hence, nhGF can be
considered as a modified EFE for vacuum case that can be expressed as follows using
Eintein Tensor Gi j,
Gi j =−(aµν∂ 2t gµν + bµν∂tgµν) (80)
Adding an external energy source, an energy tensor Tµν can be added such that
Gi j =−(aµν∂ 2t gµν + bµν∂tgµν)+ kTµν (81)
where the terms within the bracket can be associated to an inherent energy of empty
space due to quantum fluctuations. Furthermore, notice that nHGF can be considered
as a wave equation that has additional term given by
F = F(∂tgµν ,gµν ) = bµν∂tgµν + cµνgµν (82)
which can act as a damping term. Thus, the wave equation can be said to describe
a soliton-like structure that could account to the particle-like behavior of the matter
wave. In fact, Shu and Shen in [53] were able to show that nHGF satisfies Birkhoff’s
Theorem and were able to solve its exact metric solution which corresponds to a black
hole. The metric was shown to be,
ds2 = u(r)
(
1− 2m
r
− Λ
3
r2
)
c2dt2−
(
1− 2m
r
− Λ
3
r2
)
dr2+ r2dΩ 2 (83)
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where u(r) = (r− ra)σa(r− rb)σb(r− rc)σc , σi = Λriκi , κi corresponds to the surface
gravity of the black hole, while ra, rb and rc are three roots of 1− 2mr − Λ3 r2 = 0 which
depends on the value of decoupled constant Λ . For Λ = 0, the solution gives a black
hole solution with Schwarzschild metric. Letting ε2 = r−2m, we get the well-known
metric for wormholes in Einstein and Rosen’s original paper in 1935 [27]
ds2 =
ε2
ε2+ 2m
c2dt2− 4(ε2+ 2m)du2− (ε2+ 2m)2dΩ 2 (84)
where it described two regions of space (or sheets) for ε < 0 and ε > 0 that is joined
at the hyperplane r = 2m. For Λ 6= 0, Shu and Shen derived a black hole solution
that comes in two types. The first type is the case for 1Λ ≥ 94 r2g , where rg = 2m is the
Schwarzchild radius. This type has two horizons with radii rb and rc since ra < 0 and
rc > rb > 0. Shu and Shen assumed that between the two horizons, with radii rc and
rb, the true event horizon is the outermost horizon with radius rc. The second type is
for the case 1Λ <
9
4
r2g . For this case, Shu and Shen considered only one event horizon
as the solution involves three radii in which two of them are complex (rb = r
∗
c ) while
the other one (ra) is real. Note however that if we set Λ =
3
2
q2, for an electric charge
q, we get the following Schwarzschild static and spherically symmetric solution for
the combined field, gravity and electricity, that Einstein and Rosen also derived in
their 1935 paper
ds2 = u(r)
(
1− 2m
r
− q
2
2r2
)
c2dt2−
(
1− 2m
r
− q
2
2r2
)
dr2+ r2dΩ 2 (85)
which by setting ε = r2− q2
2
to eliminate singularities and m = 0, the metric becomes
ds2 =
(
2ε2
2ε2+ q2
)
dt2− du2−
(
ε2+
q2
2
)
dΩ 2 (86)
Again, it exhibit a wormhole solution. In 1962, John Archibald Wheeler and Robert
W. Fuller published a paper [28] showing that this type of wormhole is unstable if
it connects two parts of the same universe, and that it will pinch off too quickly for
light (or any particle moving slower than light) that falls in from one exterior region to
make it to the other exterior region. However, for a Planck Scale wormhole, quantum
consideration may allow for particle to have enough time to make it and pass through
a wormhole.
These results implies that a quantum particle can be considered as a kind of sub-
microscopic black holes if one is to observe it at the Planck Scale. This idea of a
quantum particle being a black hole at the fundamental level is not something new
as it was already explored by others [32, 56] since the pioneering work of Carter
in [21] which considered particles as black holes with naked singularity. Here, instead
of a black hole with naked singularity, a quantum particle is proposed to be a sub-
microsocpic black hole that has multiple horizons. The boundary brought about by
these multiple horizons are considered as the mechanism that gave a quantum field its
apparent rigidity and to make it appear like a point-like particle. It could also explain
why there is a difficulty in finding the exact radius of a particle, i.e., in the case of the
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Proton Radius Puzzle [25, 41, 45, 46, 48] since the radius of the event horizon would
not be fixed but varying in time. The variation of the radius is due to the fact that
a sub-microscopic black hole must be continuously absorbing virtual particles with
each particle as one unit of entropy Sq. By Bekenstein Formula, the change in horizon
area A is given by
dA =
16piGh
c3
dSq (87)
The entry of virtual particle into the black hole will increase the horizon area of the
black hole but must also emit particles in the form of Hawking radiation. Such emis-
sion in turn will decrease the horizon area with temperature inversely proportional to
the mass of the black hole. These continuous exchange of particles must be within the
time limit set by Heisenberg Uncertainty Principle such that the particle maintains its
horizon area and preventing the black hole to evaporate and totally lose all its mass.
In addition, the fact that the black hole solution that we derive is a wormhole, it
could explain some of the ‘‘non-classical” properties of quantum particles. It could
explained quantum entanglement between two particles known as the ‘‘ER=EPR”
conjencture of Susskind and Maldacena [58]. These ER bridges or wormholes can
also explain quantum tunneling where particles seems to emerge beyond a barrier.
Similarly, double slit experiment can also be explained where a single particle seems
to pass thru both the slits when it fact it is possible that it does not at all pass thru
any of the slit. Simply, the two regions of space before and beyond the slits or barrier
are connected by ER bridges. These ER bridges can branch out to different points
in space such that a set of particles, will still formed the corresponding interference
pattern even if the particles were sent out one after another. This branching out of ER
bridges from one point in space to multiple points at different regions of space, could
also account for Feynman’s path integral formalism which seems to suggest that a
single particle can take infinite paths all at the same time. In the new interpretation
presented here, the existence of Planck Scale wormholes is possible since quantum
particle as a sub-microsocpic black hole at Planck Scale has complex mass given by
m¯2 = ψ2gµν p
µ pν (88)
A complex mass means that the particle has a complex rest mass making it an exotic
matter that can open up a wormhole and move faster than the speed of light. Its
path within the wormhole can be described by the corresponding complex spacetime
interval,
s¯2 = ψ2gµνx
µ xν (89)
The wormhole however is only stable in a very brief period of time within the limits
of Heisenberg Uncertainty Principle.
To prove ‘‘ER=EPR” conjecture, we use Hawking’s Area Theorem which states
that the horizon area of a black hole never decreases between two not intersecting
hypersurfaces under certain conditions. It implies an inequality between initial and
final area of black hole horizon, say for two merging black holes with Horizon Area
A1 and A2,
A1+A2 ≤ Atot (90)
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Using Bekenstein Formula and the fact that χ is proportional to the quantum entropy
Sq, there must be an inequality between the initial and final conformal factors,
ψ21 +ψ
2
2 ≤ ψ2tot (91)
since ψ = ψ(χ) = ψ(Sq) = ψ(A) as χ , Sq, and A are all proportional to each other.
This implies that there must be some entanglement term m(A1,A2)≥ 0 such that
ψ2tot = ψ
2
1 +ψ
2
2 +m(A1,A2) (92)
instead of just ψ2tot = ψ
2
1 +ψ
2
2 = ψ
2(A1+A2). This is very similar to a measurement
process where particles in the measuring device will inevitably come into contact
with the particle being observed, i.e.,
ψ2o → ψ2o +ψ2d +m(Ao,Ad) = ψ2tot (93)
where ψ2o and ψ
2
d are the corresponding conformal factors of the observed particle
and the particles used in a measurement process, respectively. In StandardModel, this
is interpreted as two or more particles interacting via mediating particles. Here, it will
be interpreted as merging of two or more black holes at the Planck Scale resulting for
an increase in the volume of the black hole i.e.,
V˜i =
∫
ψ2o dV →
∫
ψ2tot dV = V˜ f (94)
As the black hole emit a Hawking radiation, it will compress or ‘‘collapse” itself
into a smaller volume. The probability P of finding χ number of fundamental unit of
energy in a smaller volume is given by,
P =
(
V˜ f
V˜i
)χ
(95)
Rearranging will give us,
χ ≈
(
V˜i
V˜ f − V˜i
)
lnP (96)
Recall that the entropy Sq =−ikqlnψ = ikq lnψ∗ which can be rewritten as
Sq = i
kq
2
ln
|ψ |2
ψ2
(97)
Since χ = k−1q Sq, we can therefore approximate that,
ψ2 ≈ |ψ |
2
P
(98)
Since 0≤P≤ 1, then 0≤ |ψ |2≤ψ2. If we consider the quantum system to be Lorentz
invariant, i.e., ψ2 = 1= Z2, it yields us
0≤ |ψ |2 ≤ 1 (99)
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and
P≈ |ψ |2 (100)
which is Born’s probabilistic interpretation of the square of the absolute value of the
probability amplitude. For the case when |ψ |2 = ψ2, Eq.(92) can now be written as
|ψtot |2 = |ψ1|2+ |ψ2|2+m(A1,A2) (101)
which is the familiar equation for entanglement and measurement. In String The-
ory, this is equivalent to the interaction between two closed strings but instead of
1-dimensional string, a 3-dimensional sub-microscopic black hole where used with
description that can be thought of as encoded on a lower-dimensional boundary to
its region due to Holographhic Principle. It is possible therefore to consider a formal
proof of this using topological arguments and linked this black hole theory of matter
to String Theory.
5 Summary and Recommendation
A new quantum formalism and interpretation were presented based on the idea that
at the sub-quantum level, the Laws of Quantum Mechanics is modified and space-
time can still be considered smooth and continuous. In such region, Relativity can
still be applied but in a modified form where spacetime is complex and fluctuat-
ing. From these modifications, the so-called ‘‘Quantum Spacetime” was shown to be
emergent out of it. The inherent spacetime fluctuation in such region was suggested
to be described by a second-order version of the Ricci Flow. All known properties
of a quantum system are encapsulated, not just in the wave function alone, but in
a modified metric tensor g¯µν = ψ
2gµν . This considers the metric tensor or space-
time fluctuation that must be happening also at the quantum scale. In the standard
quantum formalism, the metric tensor gµν is usually excluded because the role of
gravity was considered negligible at the microscopic world. Here, it was realized that
the fluctuation of spacetime is naturally integrated with the energy fluctuation that is
happening at the quantum scale. On the other hand, the new quantum interpretation
presented here suggests a black hole nature of a quantum particle at the fundamen-
tal level. A quantum field or particle was considered fundamentally as a wave with
‘‘particle-like” behavior at the microscopic level due to its black hole nature at the
Planck Scale. Other ‘‘non-classical” properties of a quantum particle were associated
with generation of wormholes as the quantum particle interact with its background
spacetime. It is recommended that a full-blown quantum interpretation can be devel-
oped out of the theory and possible link of the theory with Standard Model, String
Theory and Cosmology can be explored.
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